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This report describes an exp巴rimentalstudy 0ぱft出h巴 durabilityof concrete in contact 
with sea wat犯巴r‘.
Many test-pieses of concrete were prepared for laboratory and field tests by changing 
the classification of cement， the weight of cement per unit volume， the air content， and 
by keeping the water-cement ratio and sand percentage constant. A half of test-pieces 
were soaked in a sodium sulphate (saturated solution) in laboral刷、ytests， a凶 theothers 
were soaked in sea water in field tests. 
The changes of dynamic young's modulus， which have a close relationship to the com-
pressive strength of concrete， were measured at some intervals of time by non-destructive 
tests (sonic tesぉ). 
The durability of concrete under the action of sodium sulphate depends on the classiか
cation of cement， and on this point Portland blast凶furnacecement was better than Normal 
portland cement. 
In the poor mixed concrete of、Normalportland cement (the weight 01' ceme以 perunit 
volume， 290 kg/m3)， the d旧 abilityof concrete increased with increa山 gcontent 01' 
entrained air. The air content has no effect on durability in rich mixed concrete ofNormal 
portland cement (the weight of cement per unit volume， 380 kgjm3)， and also in rich and 
poor mixed concrete of Portland blast-furnace cement. In these cases， the dynamic 
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ζζlと，Vz:供試体内を伝播する縦波の速度 (cm/s)，k縦振動!<:b'ける 1次共振周波数 (c/s)， 




一般に，コンクリートの μは0.1-0.25と小さいから，供試体が太〈短い;場合，rと μ が Vz
iと及ぼす影響は，無視できる程度である.したがって，実用的には (8)式を用いて EDを計算する.
ED=C1玖(12
C1 =408 X 10-5 L/ A(sec2/cm2)J 












_r:. .I" T" ，<) /r-rt.t..L./tr.=:'..h.l_f.'¥ 1 ただし C2=164xl0-5X.Ud;f-(sec/cm)2 (円柱。拭体)¥ 
L T" /h_ ，__'..tH_~h"_'\ I C2=966xl0-6x~ .~ (sec/cm2) (角校供試体)1bt3 ¥'0...'-'/ l"，.oLLL J \nT.L t"pJ.\i I~I""J! 
.... '(12) 
ζζlと，ED:動卵性係数 (kg/cm2)， W:供試体重量 (kg)，fz:たわみ振動の1次共振周波数 (c/
S巴c)，L:供試体長さ (cm)， d:円柱供試体の麗径 Ccm)， b， t:角柱供試体の断面寸法 (cm)，ただし
tは振動の方向の辺，T:I忍転半径kC角柱供試体lと対しては t/3.464，円柱供試休lと対しでは d/
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ただし C3=百 =408x1門 RIA (sec/州 -・(14)
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Table 1. Physical properties of cements. 
Finess Setting 
Classification Specific Specific 88 fI The quantity Tnitial 
のf仁ement gn1Vlty おurface renlaUlお 。fw九tCl・ おcttlllg
arca 










1.3 27.4 2-35 
0.9 29.6 3-32 







Classification Stability Bending Compression 。fcement
3 days 7 days 28 days 3 days 7 days 28 days 
N good 34.1 51.3 70.9 145.0 249.0 418.0 
B good 27.6 41.8 71.1 102.0 183.0 401.0 
C good 21.6 38.5 62.6 81.0 173.0 383.0 
N: Normal portland cement 
B: Portland blastイIlrnacecement B 
C: Portland blast幽furnacccement C 
γable 2. Chcmical components of cements. 
ClassificatIon Ig. los Insol. SiOa AlzOs FcちzOら)8hf110 CaO hf(%gO )S(0%8 ) Tota¥ 。fcement %) (%) (%) (%) (%) (%) (%) (%) 
N 0.5 0.5 21.7 5.2 3.3 65.1 1.3 1.3 99.4 
B 0.8 0.3 26.8 10.4 1.9 0.8 53.6 3.0 2.1 99.7 
C 0.8 0.4 28.6 12.2 1.5 0.8 49.4 3.8 2.0 99.5 
N: Normal portland cement 
B: Portland blast-furnace cemcnt B 
C: Portland blast幽furnaccccment C 






























































Factors and levels of experiment. 
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N: Normal portland cement 
B: Portland blast-furnace cement B 
C: Portland blast-furnace cement C 
N: Normal portland cement 
B: Portland blast-furnace cement B 
































Weight per unit volume 
ぐr晶ble6. 
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N: Normal portland cement 
B: Portland b1ast-furnace cement B 
C: Portland b1ast-furnace cement C 
材料の混合 lとは，強制捜宇1"繰りミキサーを使用した.またお~め囲めは， ]IS-A1132 (っき絡に




取り出し室内 (2-300C)で8時間乾燥させ，これを毎日繰り返した.材令28日， 358，56日， 77 
日， 126日， 210臼， 270日， 365日， 403日， 433臼， 477日， 527日， 563日で縦振動数， たわみ振
動数，ねじり振動数を測定した.海水中iζ浸潰した供試体は 1日2間づっ干潟により乾燥，浸出。

























10 28 77 126 210 270 365 43 
Ouring period (days) 
Fig. 3. Change of dynamic young's modulus of cylinders made of 
N ormal portla吋 cemcntwith curi時 period(Iaboratory teは).
50 




















210 270 365 433 
Curing -period (days) 
Fig. 4. Change of dynamic young's modulus of cylinders made of Portland 





















210 270 365 433 
Curing period (days) 
Fig. 5. Change of dynamic young's modulus of cylinders made Portland 












12 28 77 126 210 270 365 433 527 63 
Curing peried (days) 
Fig.7. Change ofdynamic shcar modulロSof 
prisms made of Portlandblast-furnace 
cement B with curing per匂d(laboratory 
test). 
210 270 365 433 
Curing period (days) 
Fig. 6. Change of dynamic shear modulus of pr知ns
made of Normal portland cement with curing 
period (laboratory test). 















527 563 8' 28 77 126 





























Fig. 8. Change of dynamic shear modulus of prisms made of Portland blast-
furnace cement C with curingperiod (laboratory test). 
527 563 210 270 
Ouring period 
126 77 28 
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Curing period (days) 
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Curing period (days) 
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Dynamic sl山 tnmodulus ofprisms (field tcst) (x 10' kg/cm'). Tablc 11. 
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*キ Significantat five pe1'cent 
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A， 
A， : Weight of cement per unit volul1e， 290匂1m'
A， : Weight of cement per unit volume， 3801正g/m'
270 365 
Ouring period (days) 
Change of dynamic young's modulus of cylinders with curing period (field test). 
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Bl : Air content， 1.5土!明2
B， : Air content， 4.0ごと1%











Ouring period (days) 
Change of dynamic young's modulus 01' c下rlinderswith curing pcriod (抗eldtest). 





0， : Norrnal portland cernent 
O2 : Portland blast-furnace cernent B 















Curing period (days) 
Change of dynamic young's modulus of cylinders with curi時 period(長eldtest). 






セメント最については 290kg/m3(A1)のものが僚れてbり，空気査については，1.5%(B1)， 496 
(Bz) ， 6 96 (B3) ，の順lζ俊れている.セメントの種類については，高;炉セメント C種 (D3)，高:炉






















に対して，高炉セメントでは Ca(OH)2の生成量が少なく， そのうえスラグは， ζの Ca(OH)2
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